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ABSTRACT   
Using electroencephalographic (EEG) and cardiac measures, the study examined relevant 
mechanisms that may explain individual differences in self-rated emotion perception (i.e., 
the propensity of perceiving the emotional states of other persons in everyday life). Healthy 
women (n = 122) were confronted with film scenes showing the suffering of other people. 
Functional coupling between prefrontal and posterior cortices, measured by EEG 
coherences, more strongly decreased in individuals higher on emotion perception. This 
finding suggests that the propensity to loosen prefrontal inhibitory control on posterior 
cortical areas involved in basic processes of emotion perception is associated with higher 
susceptibility to social-emotional information and, therefore, with higher scores on self-rated 
emotion perception. In addition, higher self-rated perception of other persons' emotions was 
related to more pronounced cardiac responses to the observation of horrifying events 
occurring to people in the film which indicate enhanced attention and heightened perceptual 
processing. 
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RESUMEN    
Usando medidas electroencefalográficas (EEG) y cardiacas, el estudio examinó los 
mecanismos pertinentes que puedan explicar las diferencias individuales en la percepción 
de la emoción autoevaluada (es decir, la tendencia de percibir los estados emocionales de 
otras personas en la vida cotidiana). Las mujeres sanas (n = 122) fueron confrontadas con 
escenas de películas que muestran el sufrimiento de otras personas. El acoplamiento 
funcional entre la corteza prefrontal y posterior, medido por coherencias EEG, disminuyó 
más fuertemente en las personas con mayor percepción de la emoción. Este hallazgo 
sugiere que la propensión a relajar el control inhibitorio prefrontal en las áreas corticales 
posteriores implicados en los procesos básicos de la percepción de la emoción se asocia 
con una mayor susceptibilidad a la información socio-emocional y por tanto, con las 
puntuaciones más altas en la percepción de la emoción autoevaluada. Además, una mayor 
percepción autoevaluada de las emociones de otras personas estuvo relacionada con las 
respuestas cardíacas más explícitas a la observación de los terribles acontecimientos que 
ocurren a la gente en la película, lo cual indica una mayor atención e intensificación del 
procesamiento perceptual. 
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Emotion perception represents a fundamental 
aspect of social-emotional behaviour. It is essential 
for emotion communication, adaptive social 
behaviour, and normal social relationships (Bandura, 
1986; Hobson, 1993; Izard, 2001). Several clinical 
conditions are associated with social disability as well 
as emotion perception difficulties, for instance, 
schizophrenia, autism, and depression (Harms, 
Martin, & Wallace, 2010; Kohler, Hoffman, Eastman, 
Healey, & Moberg, 2011; Kohler, Walker, Martin, 
Healey, & Moberg, 2010; Weiss et al., 2006). 
Explaining the neural mechanisms underlying 
individual differences in emotion perception and 
other social-emotional behaviours as well as their 
concomitants and consequences may broaden our 
understanding of the empirical basis of treatment, 
and may lead to an earlier diagnosis of atypical 
development that is not yet evident in behaviour and 
is not yet observable with behavioural methods 
(McPartland & Pelphrey, 2012).  
Social-emotional perception as assessed in 
the current study refers to the self-rated susceptibility 
to social-emotional information in everyday life, that 
is, to the degree to which one tends to perceive the 
emotions of other people (Papousek, Freudenthaler, 
& Schulter, 2008, 2011; Papousek, Schulter, 
Lackner, Samson, & Freudenthaler, in press). In this 
approach, emotion perception is viewed as 
perceptual in a narrower sense and from a social-
emotional perspective, referring to mostly automatic 
processes of perceiving the emotional state of other 
persons through observable information such as 
facial expression, vocal inflections, or some 
combination of these that do not require cognitive 
effort (Couture, Penn, & Roberts, 2006).  
Brain processes explaining individual 
differences in emotion perception according to this 
definition very likely include mechanisms modulating 
the extent or depth to which social-emotional 
perceptual input is processed. Theory and research 
evidence suggest that attention to relevant stimuli 
plays a crucial role in social-emotional perception. 
Most relevant research referred to the perception of 
facial emotional expressions. For instance, it has 
been shown that emotion perception requires that 
individuals select which parts of the face to attend to 
and then maintain their attention to collect relevant 
information about another's emotional state 
(e.g., Addington & Addington, 1998; Combs & 
Gouvier, 2004). Moreover, current models of 
potential brain mechanisms involved in the 
processing of social-emotional information assume 
the contribution of both a bottom-up and a top-down 
component. The bottom-up process which is 
automatically activated by perceptual input is 
supposed to be modulated in a top-down fashion 
through an executive control component 
implemented in prefrontal cortex (see Decety & 
Moriguchi, 2007 for review). These modulatory 
processes are also automatic processes, activated 
without any deliberate effort, and determine how 
much impact the perceptual input has on the 
individual (see e.g., Papousek et al., 2013; Reiser et 
al., 2012). Basic processes required for emotion 
perception (mainly processing information about the 
changeable configuration of faces such as facial 
expressions, eye movements, mouth movements) 
are located in temporal and anterior parietal regions 
of the cortex, especially in and near the superior 
temporal gyrus (Haxby, Hoffman, & Gobbini, 2000; 
Puce, Allison, Bentin, Gore, & McCarthy, 1998). 
Accordingly, essential mechanisms modulating the 
processing of social-emotional perceptual input 
include functional communication between prefrontal 
and temporoparietal cortices. Note that, although 
terms are often used interchangeable, the concept of 
social-emotional perception used in the current study 
does not refer to primarily cognitive processes 
subsumed under the terms theory of mind or 
cognitive perspective-taking, which refer to 
inferences about thoughts, intentions, and beliefs of 
others, or to emotion recognition, which refers to the 
correct identification of emotions. 
Increases of EEG (electroencephalogram) 
coherence are considered to indicate increased 
connectivity and functional communication between 
two neuronal populations (Fries, 2005; Srinivasan, 
Winter, Ding, & Nunez, 2007). Recent research 
suggested that state-dependent changes of EEG 
coherence between prefrontal and temporoparietal 
cortical regions are indicative of a mechanism 
modulating the impact social-emotional information 
has on the individual. Two studies indicated that 
diminished prefrontal-posterior coupling, indicated by 
reduced EEG coherences, was related to reduced 
inhibitory control of the prefrontal cortex over 
incoming social-emotional information and, 
consequently, to a greater impact of the perceptual 
input on the individual (Papousek et al., 2013; Reiser 
et al., 2012). Thus, less top-down inhibition of the 
temporoparietal areas involved in the basic 
processes of emotion perception by prefrontal cortex 
may make an individual more susceptible to other 
people's affective expressions and, therefore, may 
result in a greater propensity to perceive other 
persons' emotions. 
As explained above, social-emotional 
perception as assessed in the current study mostly 
refers to perceptual processes. In line with this, the 
examination of EEG coherences in this context refers 
to the automatic modulation of perceptual input. 
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However, empirical evidence suggested that the 
used self-report emotion perception scale to some 
extent also relates to the emotional impact of the 
perceptual input, that is, to which extent individuals 
tend to be affected by the emotions of other persons 
(Papousek et al., 2008, 2011). 
The emotional impact of perceived 
information is reflected in an individual's heart rate 
response. Compared to subjective ratings, 
physiological measures such as heart rate have the 
advantage that emotional responses can be 
assessed independently from cognitive evaluation 
(Baumgartner, Esslen, & Jänke, 2006), and thus, 
physiological measures are indicative of more 
automatic response tendencies. During a stressful 
film depicting the suffering of other people such as 
news coverage of disaster, rape, etc., heart rate 
typically increases depending on the felt distress 
(Weidmann Conradi, Gröger, Fehm, & Fydrich, 
2009). Generally, the magnitude of heart rate 
increase during viewing emotion-eliciting films of 
several minutes is correlated with subjective ratings 
of arousal or intensity of felt emotions (Fernandez et 
al., 2012). 
In addition, using higher time resolutions, 
that is, analyzing the time course of heart rate 
changes across a series of time frames of a few 
seconds allows the assessment of transient 
processes that may supply information not available 
from average measures across the entire stimulation 
period of several minutes (Lackner, Batzel, Rössler, 
Hinghofer-Szalkay, & Papousek, 2013). Specifically, 
transient responses to the observation of aversive 
social-emotional cues can give information on 
processes related to externally oriented attention and 
sensory intake. Acute cardiac responses to an 
intense, unexpected, and aversive stimulus are 
typically characterized by initial fast heart rate 
acceleration, deceleration, and again (more gradual) 
acceleration, constituting the so-called cardiac 
defense response (Graham & Clifton, 1966; Vila et 
al., 2007). The maximum deceleration occurs 
approximately 10 s after stimulus onset (e.g., Keil et 
al., 2010; Ramirez, Sanchez, Fernandez, Lipp, & 
Vila, 2005; Vila et al., 2007). It has been proposed 
that the cardiac "defense" response reflects 
heightened attention allocation and sensory intake 
(Bradley, 2009; Lang, Bradley, & Cuthbert, 1997), 
which has been corroborated by empirical evidence: 
Studies found a positive relationship between the 
magnitude of the cardiac "defense" response and 
external attention (for review see Vila et al., 2007). 
Strong cardiac "defense" responses were 
accompanied by enhanced cortical sensitivity to 
external visual cues which was not specific to threat 
cues, that is, they were accompanied by facilitated 
visual perception (Keil et al., 2010). When direction 
of attention was experimentally manipulated toward 
external (compared to internal) cues, there was a 
clear potentiation of the transient cardiac response 
(Perez, Fernandez, Vila, & Turpin, 2000; Vila, Perez, 
Fernandez, Pegalajar, & Sanchez, 1997). Thus, a 
greater cardiac response to the observation of 
horrifying events occurring to other people may 
reflect greater attention to and sensory intake of 
social-emotional information and, therefore, may be 
correlated with a greater propensity to perceive other 
persons' emotions in everyday life. 
Taken together, the present study aimed at 
clarifying some of the mechanisms that may explain 
individual differences in the propensity of perceiving 
the emotional states of other persons in everyday 
life. By using several neurophysiological methods 
supposedly indicative of specific processes, we 
aimed at gaining a more complete picture of the 
factors explaining individual differences in self-
reported social-emotional perception. Transient heart 
rate responses to marked terrifying events are 
indicative of individual differences related to 
externally oriented attention and sensory intake. By 
examining changes of prefrontal-posterior EEG 
coherences, the importance of processes related to 
the automatic modulation of perceptual input by 
prefrontal cortex was tested. The examination of the 
magnitude of heart rate increase during viewing the 
film refers to the extent to which the participants were 
emotionally affected by the perceptual input. Healthy 
participants were confronted with film scenes 
displaying horrifying events such as road traffic 
accidents and the suffering of dying, severely injured, 
and mourning people while their EEG and heart rate 
were recorded. This protocol was chosen because of 
its exceptional ecological validity. The processing of 
observing the suffering of other people in real life but 
also through televised images has also proven 
relevance to psychopathological developments 
(Breslau, Bohnert, & Koenen, 2010; Durham, 
McCammon, & Alison, 1985; Holmes, Brewin, & 
Hennessy, 2004; Schuster et al., 2001). 
We expected that participants scoring higher 
on self-rated emotion perception in everyday life 
would show relatively greater decreases of functional 
coupling of prefrontal and temporoparietal cortices 
(EEG coherences) and might show higher average 
heart rate increases while viewing the film. In 
addition, we expected that the individuals' habitual 
emotion perception would moderate their transient 
heart rate responses to marked terrifying events, that 
is, that participants higher on self-rated emotion 
perception would show a more pronounced cardiac 
response to these events. To confirm that the effects 
of the participants' self-rated perception of other 
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persons' emotions were specific, that is, that they 
were not due to generally self-confident ratings of 
their social-emotional behaviour or to emotion-related 
competency in general, self-estimates of other 
interpersonal emotional behaviour (regulation of 
other persons' emotions) and of intrapersonal 
emotional behaviour (perception and regulation of 
one's own emotions) were statistically controlled. 
 
 
 
2.1. Participants 
The sample comprised 122 right-handed 
female university students aged between 18 and 38 
years (M = 22.2, SD = 3.6). Only individuals who 
confirmed that they did not have traumatic 
experiences related to car crashes, surgery or death 
of a close person within the past twelve months and 
did not have a neuropsychiatric disease or using 
psychoactive medication were admitted to 
participate. The absence of severe depressive 
symptoms was confirmed using the Beck Depression 
Inventory (German adaptation, Hautzinger, Bailer, 
Worall, & Keller, 1991). A female only sample was 
chosen because previous research has suggested 
sex differences in emotion perception performance 
as well as in the neural pathways underlying the 
processing of other persons' emotions (Kessels, 
Montagne, Hendriks, Perrett, & de Haan, in press; 
Scholten, Aleman, Montagne, & Kahn, 2005; 
Weisenbach et al., in press). Moreover, there is 
evidence of multi-faceted sex differences in 
autonomic nervous system responsiveness to stress 
(Kajantie & Phillips, 2006), and previous research 
indicated that women are more reactive to negative 
emotional stimulation than men, particularly when the 
stimulation is threatening or traumatic (Whittle, Yücel, 
Yap, & Allen, 2011). Handedness was assessed by a 
standardised hand skill test (Hand Dominance Test; 
Papousek & Schulter, 1999; Steingrüber & Lienert, 
1971). Participants were requested to refrain from 
alcohol for twelve hours and from coffee and other 
stimulating beverages for two hours, prior to their lab 
appointment, and to come to the session well rested. 
The study was performed in accordance with the 
American Psychological Association's Ethics Code 
and the 1964 Declaration of Helsinki and was 
approved by the local ethics committee. Participants 
gave their written and informed consent to participate 
in the study. 
2.2. Social-emotional Stimulation 
Participants were exposed to a film (approx. 
10 min in length) containing 11 clips including 
graphic scenes of severely injured, dying, and 
mourning people. EEG and ECG (electrocardiogram) 
were recorded during the last five minutes of the film 
during which there were five clips depicting a 
rampaging elephant injuring people at a circus and 
several car accidents. The film clips were used in 
previous studies (Holmes & Bourne, 2008; Holmes, 
James, Coode-Bate, & Deeprose, 2009; Holmes, 
James, Kilford, & Deeprose, 2010). The film content 
was similar to that witnessed by television viewers 
watching programs such as news coverage of road 
traffic accidents, or reality programs about the police 
or ambulance service work. The short stories told by 
the film scenes contained marked terrifying events 
and segments with negative content depicting the 
suffering of people, as well as short segments with 
neutral or mildly positive content that preceded the 
terrifying events. The film was displayed on a 21" 
computer monitor viewed at 100 cm and was 
presented without sound, so that the stimulation was 
dominated by the visual information for all 
participants. The neutral visual display, used for 
obtaining the reference data, showed a green circle 
(diameter 75 mm) at the center of the screen. This 
display was used in previous studies on changes of 
EEG coherences in the context of affective 
processing (Papousek et al., 2013; Reiser et al., 
2012). 
2.3. Prefrontal-posterior EEG Coherences: 
Recording and Quantification 
EEG was recorded from 19 channels 
according to the international 10-20 system, using a 
Brainvision BrainAmp Research Amplifier (Brain 
Products; sampling rate 500 Hz, resolution 0.1µV) 
and a stretchable electrode cap, referenced to the 
nose and re-referenced offline to a mathematically 
averaged ears reference (Essl & Rappelsberger, 
1998; Hagemann, 2004). Impedance was kept below 
5 kΩ for all electrodes. Horizontal and vertical EOG 
measures were obtained for identification of ocular 
artifacts. All data were inspected visually, in order to 
eliminate intervals in which ocular or muscle artefacts 
occurred. All participants had at least 30 s of artefact-
free data in each of the recording periods and in 
each of the electrode positions of interest. Artefact-
free EEG data were submitted to Fast Fourier 
Analysis using a Hanning window (epoch length 1 s, 
overlapping 50%, low-cut filter 0.016 Hz). Spectral 
coherence (Fisher's z-transformed) was obtained in 
the beta frequency range (13-30 Hz) using the 
quotient of the cross spectrum (CS) and the auto 
spectra (power spectra) according to the following 
equation: Coh(c1, c2)(f) = |CS(c1, c2)(f)|2 / (|CS(c1, 
c1)(f)| ⋅ |CS(c2, c2)(f)|), with CS(c1, c2)(f) = ∑c1,i (f) 
c2,i (f). Coh(c1, c2)(f) denotes the coherence at 
frequency f between electrodes 1 and 2, which can 
vary between 0 and 1. 
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We focused on EEG coherence in the beta 
frequency range, because previous research on EEG 
coherence in the context of affective processing 
indicated that connectivity changes during evoked 
emotions occurred primarily in the beta frequency 
range (Aftanas, Lotova, Koshkarov, & Popov, 1998; 
Miskovic & Schmidt, 2010; Papousek et al., 2013; 
Reiser et al., 2012; Schellberg, Besthorn, Klos, & 
Gasser, 1990). Research also suggested a particular 
importance of beta-band oscillations for mediating 
long distance coupling (Gross et al., 2004; Kopell, 
Ermentrout, Whittington, & Traub, 2000; Schnitzler & 
Gross, 2005).  
Following previous relevant research 
(Miskovic & Schmidt, 2010; Papousek et al., 2013; 
Reiser et al., 2012), coherence pairs were grouped 
into anatomically valid clusters corresponding to the 
left and right, prefrontal and posterior association 
cortex regions. Coherence scores of nine electrode 
pairs each were averaged to summarise interaction 
within the left and the right hemisphere, respectively 
(left: Fp1-T3, Fp1-P3, Fp1-T5, F3-T3, F3-P3, F3-T5, 
F7-T3, F7-P3, F7-T5; right: Fp2-T4, Fp2-P4, Fp2-T6, 
F4-T4, F4-P4, F4-T6, F8-T4, F8-P4, F8-T6). By using 
these clusters we avoided a hardly manageable 
inflation of the number of statistical tests. The 
selection of the posterior electrodes was in 
accordance with evidence of involvement of the 
posterior part of the temporal lobe and the inferior 
parietal lobe in the visual perception of socially 
relevant information (Decety & Sommerville, 2003; 
Haxby et al., 2000; Puce et al., 1998). 
Following previous research on EEG 
coherence changes in affective contexts, linear 
regressions were conducted using the EEG beta 
coherence during the reference period preceding the 
film to predict the coherence during viewing the film, 
in order to calculate residualized change scores 
(Papousek et al., 2013; Reiser et al., 2012). These 
were used as an index of state-dependent decreases 
or increases of intrahemispheric coherence in 
response to watching other people suffer. This was 
done to ensure that the analysed residual variability 
was due to the experimental manipulation, and not to 
individual differences in baseline levels, and to 
control for measurement error inherent in the use of 
repeated measures of the same kind (e.g., Linden, 
Earle, Gerin, & Christenfeld, 1997; Steketee & 
Chambless, 1992). In the following, the abbreviation 
‘‘∆coh’’ will be used for these change-of-coherence 
scores. Negative scores indicate a decrease in 
prefrontal-posterior coherence, positive scores 
indicate an increase. 
2.4. Cardiac Responses: Recording and 
Quantification 
The electrocardiogram (ECG) was recorded 
using a Brainvision BrainAmp ExG Research 
Amplifier (Brain Products, sampling rate 500 Hz), 
using Ag-AgCl electrodes and a standard limb lead II 
electrode configuration. Interbeat intervals were 
derived using QRS complex detection based on 
Hilbert transformation (Harke, Schlögl, Anderer, & 
Pfurtscheller, 1999; Nygards & Sörnmo, 1983). 
Single artefacts were replaced by interpolation. On 
average M = 99.0 (SD = 1.5) and M = 99.6 (SD = 
0.6) percent of QRS complexes were valid for the 
reference recording and the recording during the film, 
respectively. Interbeat intervals were used for 
calculating mean heart rates for the reference period 
preceding the film and the recording while viewing 
the film. For the analysis of transient heart rate 
responses, interbeat intervals were resampled at 4 
Hz using piecewise cubic spline interpolation. The 
third-order polynomial trend of the individual heart 
rate time series was removed, and heart rate time 
series averaged across all participants were 
calculated to identify local heart rate extremes within 
the film scenes. Heart rate time series from 10 s 
preceding the most marked heart rate minima 
(indicating responses to the most marked horrifying 
events in the scenes) to 14 s after these minima 
were segmented in 4-s intervals, in order to reduce 
breathing frequency effects. This procedure supplies 
a segment of the cardiac "defense" response, timed 
by an objective criterion. (Extraction of a longer 
segment was not possible, because other events 
interfered). Values for these 4-s intervals were 
referenced to the reference period and were 
averaged across the three most marked horrifying 
events to obtain the transient heart rate responses 
(relative heart rate scores of six 4-s intervals) used in 
the statistical analysis. The three most marked 
horrifying events comprised of a boy playing in the 
garden killed by a car veering off the street, a 
teenager crossing the street while writing a SMS 
being run over by a car, and a couple in love sitting 
on a wall being hit by a car out of control. In addition, 
a 24-s time frame with neutral / mildly positive 
content was selected (relative scores of six 4-s 
intervals). This time frame comprised of a boy 
playing football in the garden and adult football 
players scoring a goal and celebrating in the pub. 
2.5. Self-report Measures 
The Self-report Emotional Ability Scale 
(SEAS; Freudenthaler & Neubauer, 2005; see also 
Papousek et al., 2008, 2011; Papousek, Schulter, et 
al., in press) is designed for assessing the self-
reported handling of emotion in everyday life. It 
includes two subscales referring to interpersonal 
social-emotional behaviour and two subscales 
referring to intrapersonal emotional processes. The 
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two scales concerning interpersonal social-emotional 
behaviour refer to "perception of other persons' 
emotions" (11 items, e.g., "I can tell immediately if a 
friend is worrying about something"; internal 
consistency reliability in the present sample is α = 
.81) and "regulation of other persons' emotions" (8 
items, e.g., "I can influence the mood of others very 
well", α = .79). The two scales concerning 
intrapersonal emotion processing refer to "perception 
of one's own emotions" (9 items, e.g., "It often takes 
a long time of deliberation for me to realise that I'm 
envious of someone", α = .79), and "regulation of 
one's own emotions" (6 items, e.g., "When I'm scared 
of something I barely can't do anything about it", α = 
.75). 
A rating scale assessed the subjective impact 
of the stimulation. After a two-minutes resting period 
following the film, participants retrospectively rated 
the degree to which the film had affected them (10 
cm horizontal visual analogue scale scored in 
millimeters from 0 "not at all" to 100 "extremely"; M = 
73.9, SD = 21.5). 
2.6. Procedure 
After completing the handedness test and 
some questionnaires that are not relevant to the 
present research question, participants were seated 
in an acoustically and electrically shielded 
examination room and electrodes were attached. 
Participants were instructed that after a short 
recording period during which they should watch the 
green circle on the screen (2 min) they would see a 
film to which they should direct their whole attention. 
They were asked to view the film as if they were 
really there, like a bystander at the scene of the 
events and to not close their eyes or look away. The 
film would be followed by another 2-min resting 
period. Subsequently, the participants completed the 
rating scales using the computer mouse. The 
experimenter was positioned outside the examination 
room, and participants were monitored using a 
camera. The SEAS was administered in a second, 
separate testing session one week later1. 
2.7. Statistical Analysis 
To evaluate whether the participants' self-
rated emotion perception in everyday life may predict 
inter-individual differences in the EEG coherence 
changes during observing the suffering of other 
people, two multiple regression analyses were 
conducted, one using the change-of-coherence score 
(∆coh) in the right hemisphere as the dependent 
1 Additional data were obtained for purposes related to other, non-
overlapping research questions. These include genetic data and 
EEG asymmetries, reported for a larger sample (first experimental 
session only) in Papousek, Reiser, et al. (in press). 
variable and one using ∆coh in the left hemisphere 
as the dependent variable. The four SEAS scales 
were simultaneously entered as predictors to test for 
unique effects of the participants' self-rated 
perception of other persons' emotions, independently 
of the intrapersonal aspects of emotional behaviour 
and their rating of the ability to influence the moods 
of others. Coherence changes were analysed 
separately for the left and the right hemisphere, 
because previous research suggested lateralized 
effects of prefrontal-posterior coupling on affective 
processing (Papousek et al., 2013; Reiser et al., 
2012; Schellberg et al., 1990). 
The moderating effects of emotion perception 
on heart rate responses during viewing the film were 
examined by three one-way repeated-measures 
analyses of covariance (ANCOVAs) using the four 
SEAS scales as covariates (continuous between-
subjects factors). One analysis examined the effect 
on transient heart rate responses using the relative 
scores of the six extracted 4-s intervals in the context 
of the most marked horrifying events as the levels of 
the within-subjects factor. In an analogous analysis, 
the relative scores of six 4-s intervals during a film 
period with neutral / mildly positive content were 
used as the levels of the within-subjects factor. The 
third analysis examined the effect on the average 
heart rate during the entire 5-min film period 
compared to the reference period preceding the film. 
Again, the four SEAS scales were simultaneously 
entered to test for unique effects. The multivariate 
approach to repeated measures analyses was used, 
which allows valid tests under nonsphericity 
conditions (Vasey & Thayer, 1987). A significant 
interaction between the within-subjects factor and the 
SEAS perception of other person's emotions score 
indicates a moderating effect of the individuals' 
habitual perception of other person's emotions on 
their heart rate responses during viewing the film, 
that is, that the heart rate changes depended on the 
individual's self-reported emotion perception in 
everyday life. To illustrate significant interaction 
effects, predicted heart rate values for each level of 
the within-subjects factor were calculated for one 
standard deviation below and one standard deviation 
above the mean on the SEAS scale, using multiple 
regression analysis with the four SEAS scales as 
predictors. 
Effects on the subjective impact of the film 
were evaluated using multiple regression analysis 
with the four SEAS scales as predictors and the 
rating scale as the dependent variable. Interrelations 
among the physiological measures were tested by 
two Pearson correlations (∆coh in the right / left 
hemisphere by global heart rate change film minus 
reference period), and the interaction in three 
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oneway repeated-measures ANCOVAs using ∆coh in 
the right / left hemisphere or global heart rate change 
as the covariate to evaluate their potential 
relationships to the transient heart rate responses. 
Standard software (SPSS 20) was used for 
all analyses. 
 
 
 
3.1. Prefrontal-posterior EEG Coherences 
The regression analysis with ∆coh in the right 
hemisphere as the dependent variable showed that 
self-reported perception of other persons' emotions 
predicted to which degree EEG coherence increased 
or decreased during viewing the film (B = -0.03, SE = 
0.02, β = -.22, p < .05; F(4,117) = 3.4, p < .05; R² = 
.11). Higher scores on the SEAS perception of other 
persons' emotions scale were associated with a 
stronger decrease of prefrontal-posterior coherence 
during viewing the film. Independently from that, 
higher scores on the SEAS perception of one's own 
emotions scale predicted greater decreases of ∆coh 
in the right hemisphere (B = -0.04, SE = 0.01, β = -
.25, p < .05). No significant relationships were 
observed for regulation of other persons' emotions (B 
= 0.01, SE = 0.02, β = .06, ns.) and regulation of 
one's own emotions (B = 0.02, SE = 0.02, β = .10, 
ns.). Zero-order and semipartial correlations are 
shown in Table 1. Figure 1 shows the scatterplot of 
the correlation between the perception of other 
persons' emotions scale and EEG coherence 
changes during viewing the film. 
 
Table 1. Relationships of Self-rated Emotion Perception and 
Regulation with Changes of Prefrontal-posterior EEG 
Coherence While Viewing a Film Showing the Suffering of 
Other People 
 
  Changes of prefrontal-posterior EEG coherence 
    r sr 
Perception of other persons' emotions -.24 ** -.19 * 
Regulation of other persons' emotions -.10 .05 
Perception of one's own emotions -.25 ** -.22 * 
Regulation of one's own emotions -.03 .09 
  
Coherence changes in the right hemisphere (beta frequency range) 
relative to reference recording preceding the film; negative scores 
indicate a decrease of prefrontal-posterior coherence, positive scores 
indicate an increase. r: zero-order correlations, sr: semipartial 
correlations controlling for the other three SEAS scales, respectively. * 
p < .05, ** p < .01. 
 
In the regression analysis with ∆coh in the left 
hemisphere as the dependent variable, the total 
regression model was not significant (F(4,117) = 2.0, 
ns.) 2. 
 
Figure 1. Prediction of changes of prefrontal-posterior 
EEG coherence while viewing the film by the self-rated 
perception of other persons' emotions in everyday life. 
 
Coherence changes in the right hemisphere (beta frequency 
range) relative to reference recording preceding the film. The plot 
shows standardised residuals (see Methods section). 
 
3.2. Cardiac Responses 
In the analysis examining the transient heart 
rate responses to the most marked horrifying events, 
the relevant interaction effect of time frame by 
perception of others' emotions was significant 
(F(5,113) = 2.6, p < .05, ηp² = .10). The effect is 
illustrated in Figure 2. It shows that the time course 
of heart rate changes in participants higher and lower 
on perception of others' emotions had a similar 
shape. However, participants higher on perception of 
others' emotions showed higher initial heart rate 
acceleration as well as stronger heart rate 
deceleration (note the steeper slope of the black line 
compared to the dotted line, with the difference 
between the lines at second 2 being greater than that 
at second 10). Moreover, the second acceleration 
was more pronounced in those higher on perception 
of other persons' emotions. Taken together, the 
transient heart rate responses indicated a more 
pronounced response to the most significant events 
of the film when participants scored higher on the 
perception of others' emotions scale. No other 
interaction effects were significant (regulation of 
other persons' emotions: F(5,113) = 2.3, ns.; 
perception of one's own emotions F(5,113)=1.6, ns.; 
2 Analyses in other frequency bands did not reach the significance 
level. 
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regulation of one's own emotions F(5,113) = 1.1, 
ns.), and there were no significant main effects (time 
frame: F(5,113) = 1.0, ns.; perception of others' 
emotions: F(1,117) = 1.2, ns.; regulation of others' 
emotions: F(1,117) = 2.3, ns.; perception of one's 
own emotions: F(1,117) = 0.02, ns.; regulation of 
one's own emotions: F(1,117) = 0.01, ns.). 
The analysis of the film period with neutral / 
mildly positive content showed no main effects 
(perception of others' emotions: F(1,117) = 0.8, ns.; 
regulation of others' emotions: F(1,117) = 0.8, ns.; 
perception of one's own emotions: F(1,117) = 0.03, 
ns.; regulation of one's own emotions: F(1,117) = 
0.08, ns.; time frame: F(5,113) = 0.3, ns.) nor any 
significant interaction effects (perception of other 
persons' emotions: F(5,113) = 1.0, ns.; regulation of 
other persons' emotions: F(5,113) = 1.0, ns.; 
perception of one's own emotions F(5,113) = 0.7, ns.; 
regulation of one's own emotions F(5,113) = 0.3, 
ns.). 
 
Figure 2. Moderating effect of self-rated perception of other 
persons' emotions in everyday life on heart rate responses to 
the most marked horrifying events occurring to people in the 
film. 
 
 
The analysis examining the effect of the 
participants' self-rated social-emotional  behaviour on 
their global heart rate changes from the reference 
period preceding the film to viewing the film yielded 
no significant results (period: F(1,116) = 0.02, ns.; 
perception of others' emotions x period: F(1,116) = 
0.04, ns.; regulation of others' emotions x period: 
F(1,116) = 0.9, ns.; perception of one's own emotions 
x period: F(1,116) = 0.4, ns.; regulation of one's own 
emotions x period: F(1,116) = 0.2, ns.). 
 
3.3. Supplementary Analyses 
The total regression model with the rating to 
which degree the film had affected the participants as 
the outcome variable failed to be significant (F(4,117) 
= 1.6, ns.).  
The physiological measures were not 
substantially interrelated, confirming that they explain 
different portions of variance (correlation between 
∆coh and global heart rate change right hemisphere r 
= -.08, ns., left hemisphere r = .05, ns.; interaction 
time frame of the transient heart rate response by 
∆coh right hemisphere F(5,116) = 0.8, ns., left 
hemisphere F(5,116) = 1.4, ns.; interaction time 
frame of the transient heart rate response by global 
heart rate change F(5,116) = 1.1, ns.). 
 
 
The present study investigated a neural 
mechanism potentially underlying individual 
differences in the perception of other persons' 
emotions, that is, changes in prefrontal-posterior 
coupling during confrontation with social-emotional 
information. To this end, EEG coherences were 
obtained while participants were viewing a film 
showing the suffering of other people. In addition, 
cardiac responses to the observation of horrifying 
events occurring to people in the film were analysed, 
in order to study whether these responses may also 
be moderated by individual differences in emotion 
perception.  
Prefrontal-posterior EEG coherence more 
strongly decreased while viewing the film scenes in 
individuals higher on self-rated emotion perception. 
According to previous research this can be 
interpreted as less top-down inhibition exerted by 
prefrontal cortex on posterior cortical areas that are 
involved in basic processes of emotion perception 
(Papousek et al., 2013; Reiser et al., 2012). The 
finding suggests that the propensity to loosen 
prefrontal  inhibitory control over posterior cortices in 
the presence of other people is associated with 
higher susceptibility to social-emotional information 
and, therefore, with higher emotion perception. This 
interpretation is in line with neuroscientific models on 
affective processing implicating pathways originating 
from prefrontal cortex that modulate the activity of 
other brain structures (Davidson, 2002; Johnstone, 
van Reekum, Urry, Kalin, & Davidson, 2007; Phillips, 
Ladouceur, & Drevets, 2008). While most research 
has been concerned with pathways from the 
prefrontal cortex to the amygdala, it is being 
increasingly recognised that not only cortical-
subcortical, but also cortico-cortical circuits play an 
important role in affective processing. Remote brain 
regions influence perceptual processing and 
awareness mediated by posterior sensory and 
association cortices (Vuilleumier & Driver, 2007). 
More specifically, there is evidence that the prefrontal 
cortex receives highly processed sensory information 
and in turn exerts feedback control on posterior 
association cortices, in order to further modulate 
representations of affectively relevant information 
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(Miskovic & Schmidt, 2010; Rudrauf et al., 2008). 
Recent research demonstrated that this modulatory 
process, indicated by state dependent changes in 
EEG coherence between prefrontal and 
temporoparietal regions during the exposure to 
social-emotional information, relates to the strength 
or looseness of control over incoming information 
and, thus, to the impact of the perceptual input on the 
observer (Papousek et al., 2013, in preparation; 
Reiser et al., 2012). 
Evidence for some temporal stability of 
prefrontal-posterior coherence changes during the 
exposure to social-emotional stimuli further supports 
our interpretation of the present findings: More loose 
prefrontal-posterior coupling during the exposure to 
other people's positive affect expressions 
prospectively predicted greater humor susceptibility 
which was assessed several weeks later (Papousek 
et al., 2013). In the present study, potential 
influences of common situation variance on the 
results were reduced by obtaining the self-ratings of 
emotion perception in some temporal distance (one 
week) from the EEG and ECG recordings. The 
interpretation of weaker prefrontal-posterior coupling 
being linked to higher susceptibility to social-
emotional information is also in line with reduced 
prefrontal-posterior coherence being correlated to the 
personality trait of absorption (Reiser et al., 2012). 
Absorption is characterised by a readiness for 
experiences of deep involvement and immersion in 
environments or events. There is also evidence that 
the functional connectivity between prefrontal and 
posterior cortices may be modulated depending on 
the emotion that is perceived, and that the correlates 
of individual differences in coupling or de-coupling 
can be emotion specific (Papousek et al., 2013, in 
preparation; Reiser et al., 2012). Future studies are 
necessary to examine the specificity of decreased 
prefrontal-posterior communication for certain 
emotions, which might distinguish different 
psychiatric diseases (e.g., depression, 
schizophrenia, autism).  
Similarly to previous studies in which 
personality traits and behavioural dispositions were 
more prominently related to EEG coherence changes 
in the right than in the left hemisphere (Papousek et 
al., 2013, in preparation; Reiser et al., 2012), 
dominance of the right over the left hemisphere was 
observed in the correlation of coherence changes 
with individual differences in emotion perception. 
Higher correlations in the right hemisphere may have 
been expected because there is broad consensus 
that the right hemisphere plays a key role in emotion 
processing, particularly as far as emotion perception 
is concerned, and for negative emotions such as 
sadness and fear (Adolphs, 2002; Borod et al., 1998; 
Najt, Bayer, & Hausmann, 2013; Papousek & 
Schulter, 2006). In line with this, patients with right 
hemisphere lesions in anterior parietal regions, but 
not patients with left hemisphere lesions, showed 
impairments in emotion perception (Adolphs, 
Damasio, Tranel, & Damasio, 1996; Adolphs, 
Damasio, Tranel, Cooper, & Damasio, 2000).  
The sudden horrifying events occurring in the 
film scenes, such as a couple in love sitting on a wall 
being hit by a car out of control, clearly elicited what 
in the literature has been described a cardiac 
"defense" response. Three events were suited for 
extracting a segment of this response (without 
responses to other events interfering) which 
illustrates the most important constituents of the 
cardiac "defense" response. The results showed that 
higher scores on perception of other persons' 
emotions were related to more pronounced cardiac 
responses (initial acceleration, deceleration, and 
subsequent acceleration) to the observation of 
horrifying events occurring to people in the film. 
Individual differences in emotion perception were not 
correlated with overall heart rate increases during the 
entire film or heart rate during a film segment with 
neutral / mildly positive content. Accordingly, the 
enhanced heart rate of participants higher on 
emotion perception shortly before the marked heart 
rate deceleration was also part of the transient 
"defense" response. The idea that the cardiac 
"defense" response reflects heightened external 
attention and sensory intake (Bradley, 2009; Lang et 
al., 1997) fits the concept of emotion perception 
referring to the degree to which one perceives social-
emotional information. However, although the 
proposition of enhanced attention and perceptual 
processing has been corroborated by empirical 
evidence, there is no agreement on which 
component of the defense response is most 
associated with them (Keil et al., 2010; Vila et al., 
2007). 
It may also have been expected that distress 
or the emotional impact of the whole film would be 
higher in individuals scoring higher on emotion 
perception. This was not shown with average heart 
rate increases over the entire 5-min film period. 
Several possible explanations may account for the 
failure of the overall heart rate measure to show 
relationships with individual differences in the 
perception of other persons' emotions. The film also 
contained short segments with neutral or mildly 
positive content (such as a child playing in the 
garden or a couple in love exchanging endearments), 
which may have prevented a strong effect on overall 
heart rate. Moreover, although stressful films and 
heightened emotional arousal are typically 
associated with increased heart rates (Fernandez et 
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al., 2012; Weidmann et al., 2009), the marked 
terrifying events embedded in the film with the 
associated heart rate decelerations may have in part 
abolished the increases. Taken together, the present 
study adds to the evidence that a more fine-grained 
analysis of transient changes of heart rate can supply 
information important for interpreting effects that are 
not available from coarse average values (Lackner et 
al., 2013). Yet, the finding may also suggest that the 
investigated perceptual and cognitive processes are 
more important in explaining individual differences in 
social-emotional perception than how emotionally 
affected an individual feels. The failure of the 
subjectively rated impact of the film to show a 
relationship to emotion perception may be due to the 
general weakness of subjective ratings in this 
context, which are indicative of automatic response 
tendencies to a lesser degree than physiological 
measures, because they are influenced by cognitive 
evaluation (Baumgartner et al., 2006). The 
retrospective assessment in some temporal distance 
from the film may have introduced additional error 
variance.  
It is important to note that all effects of self-
rated perception of other persons' emotions were 
independent from individual differences in other 
interpersonal emotional behaviour (regulation of 
other persons' emotions) as well as from 
intrapersonal emotional behaviour (perception and 
regulation of one's own emotions). Therefore, the 
effects of the participants' perception of other 
persons' emotions were specific, that is, they were 
not, for instance, due to participants' generally more 
self-confident ratings of their social-emotional 
behaviour or to their emotion-related competence in 
general. 
Finally, the findings are in line with the 
conceptualisation of the applied self-report scale, 
which refers to the individual's susceptibility to other 
persons' emotions that is based on more automatic, 
perceptual, and emotional processes rather than 
effortful cognitive processes (Papousek et al., 2008, 
2011; Papousek, Schulter, et al., in press). However, 
with respect to further integration of the present 
findings into other research, it should be kept in mind 
that higher emotion perception according to this 
concept does not necessarily imply better emotion 
recognition performance, that is, that other persons' 
emotions are more correctly identified. Correlations 
of the interpersonal scales applied in the present 
study with emotion recognition performance in a 
widely used paper-and-pencil test were low 
(Freudenthaler & Neubauer, 2005; Papousek, 
Schulter, et al., in press). However, the low 
correlations may also be due to the nature of the 
performance test which is based on consensus 
scoring and has been heavily criticised for 
methodological reasons (Brody, 2004; Freudenthaler 
& Papousek, in press; Matthews, Roberts, & Zeidner, 
2004; Vernon, Villani, Schermer, & Petrides, 2008; 
Zeidner & Olnick-Shemesh, 2010). Correlations 
between the self-report social-emotional behaviour 
scales and emotion recognition performance on a 
more reliable behavioural performance test have not 
been examined to date. 
In conclusion, the present study showed 
coherent and well interpretable neurophysiologic and 
cardiac correlates of self-rated social-emotional 
perception, which refers to the propensity of 
perceiving the emotional states of other persons in 
everday life through observable information such as 
facial expression and other emotional cues. Higher 
scores on self-rated emotion perception in everyday 
life were associated with more pronounced cardiac 
responses to the observation of horrifying events 
occuring to people in the film as well as with greater 
decreases of prefrontal-temporoparietal coupling 
during viewing the film. While the former finding 
relates to heightened external attention to and 
sensory intake of emotionally relevant information, 
the latter finding relates to loosening of prefrontal 
modulatory control over incoming social-emotional 
information. Both processes fit the concept of 
emotion perception as assessed in the present study, 
referring to the degree to which one perceives social-
emotional information. The fact that these processes 
are separable supports the notion that, based on 
established theory and evidence from empirical 
studies in other fields, neuroscientific research 
combining different neurophysiological methods may 
broaden our understanding of the neurobiological 
basis of social-emotional concepts. As a future 
prospect, the observed mechanisms may help to 
explain the high prevalence of emotion perception 
difficulties and associated social disability in clinical 
conditions such as schizophrenia, autism, and 
depression (Harms et al., 2010; Kohler et al., 2010, 
2011; Weiss et al., 2006). 
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